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In this article, we analyze the strong vertexes Σ∗cND and Σ
∗
bNB using the three-point QCD sum
rules under the Dirac structure of q/p/γµ. We perform our analysis by considering the contributions
of the perturbative part and the condensate terms of < qq > and < αs
pi
GG >. After the form
factors are calculated, they are then fitted into analytical functions which are used to get the strong
coupling constants for these two vertexes. The final results are gΣ∗cND = 7.19
+8.49
−3.11 ± 1.76 and
gΣ∗
b
NB = 10.54
+15.59
−5.23 ± 1.82.
PACS numbers: 13.25.Ft; 14.40.Lb
1 Introduction
The charmed and bottom baryons, which contain at least a heavy quark, serve as a particular
laboratory for studying dynamics of the light quarks in the presence of the heavy quark(s), and also
as an excellent ground for testing predictions of the quark model and heavy quark symmetry. The
properties of these heavy baryon states mainly include the mass spectrum, the magnetic moments, the
strong, electromagnetic and weak decay behaviors. Investigation of these properties can give us useful
information on the quark structure of these baryons. The strong coupling constants is an important
parameter about the strong interactions of the heavy baryons. The accurate determination of the
coupling constants can not only help us further understanding the strong decay behaviors of these
heavy baryons but also give us the knowledge about its nature and structure.
By this time, many heavy baryon states have been discovered in experiments by BaBar, Belle,
CDF and D0 Collaborations[1–4]. These states include the charmed baryons such as 12
+
antitriplet
states(Λ+c ,Ξ
+
c ,Ξ
0
c), the
1
2
+
and 32
+
sextet states (Ωc,Σc,Σ
′
c) and (Ω
∗
c ,Σ
∗
c ,Σ
∗
c)[2]. Besides, CDF and
LHCb Collaborations observed several S-wave bottom baryon states, Λb,Σb,Σ
∗
b ,Ξb and Ωb[5, 6]. The
SELEX collaboration even reported the observation of the signal for the doubly charmed baryon
state Ξ+cc[7, 8]. Stimulated by these discoveries, theorists studied the nature of these baryons with
∗Electronic address: yuguoliang2011@163.com
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2different theoretical approaches[9–25]. As mentioned above, the subsequent analysis of the strong
decays of these baryons requires knowledge about their strong coupling constants. Thus, people calcu-
lated some of the strong coupling constants, gΩ∗cΩ∗cφ,gΩ∗cΞ∗cK∗ , gΞ∗cΣ∗cK∗ ,gΩ∗bΩ∗bφ,gΞ∗bΣ∗bK∗ ,gΞ∗bΞbpi,gΞ∗cΞcpi,
gΛbNB∗ ,gΛbN∗B∗ ,gΛcND∗ ,gΛcN∗D∗ ,gΣcND∗ ,gΣbN∗B∗ , gΣbNB∗ and gΣcN∗D∗ , etc[21, 22, 26–30]. For these
work, QCD sum rules proved to be a most powerful nonperturbative method which has been widely
used to analyze the properties of the hadrons[31–47].
In the present paper, we calculate the strong coupling constants gΣ∗cND and gΣ∗bNB within the
framework of the QCD sum rules. The results of this work are relevant in the bottom and charmed
meson cloud description of the nucleon which may be used to explain exotic events observed by
different collaborations. Besides, the exact values of these strong coupling constants are essential to
determine the modifications on the masses, decay constants and other parameters of the B and D
mesons in nuclear medium[48–50]. The layout of this paper is as follows. The next section presents the
details of the analysis of the vertexes Σ∗cND and Σ
∗
bNB. In Sec.3, we present the numerical results
and discussions, and Sec.4 is reserved for our conclusions.
2 QCD sum rules for Σ∗
c
ND and Σ∗
b
NB
We study the strong coupling constants of the vertexes Σ∗cND and Σ
∗
bNB with the following three-
point correlation function,
Πµ(p, p
′, q) = i2
∫
d4x
∫
d4ye−ip.xeip
′.y
〈
0|T
(
JN (y)JD[B](0)JµΣ∗c [Σ∗b ](x)
)
|0
〉
, (1)
where T is the time ordered product and JµΣ∗c [Σ∗b ], JN and JD[B] are the interpolating currents of
the baryons Σ∗c [Σ
∗
b ], N and the meson D[B]. Baryon current is a composite operator with the same
quantum numbers as a given baryon, which include several possibilities[51, 52]. For simplicity, the
interpolating currents used in Equation(1) are written as the following form,
JµΣ∗c [
∑
∗
b ]
(x) = ǫijk
(
uiT (x)Cγµd
j(x)
)
c[b]k(x),
JN (y) = ǫijk
(
uiT (y)Cγµu
j(y)
)
γ5γ
µdk(y),
JD[B](0) = u(0)γ5c[b](0). (2)
The correlation function will be calculated in two different ways, from the hadron degrees of freedom
and quark degrees of freedom, which are called the phenomenological side and the operator product
expansion(OPE) side separately.
2.1 The phenomenological side
In order to obtain the phenomenological representations, we insert a complete set of intermediate
hadronic states with the same quantum numbers as the current operators JµΣ∗c [Σ∗b ], JN and JD[B]
into the correlation Πµ(p, p
′, q). Then, after the ground-state contributions are isolated, we get the
3following function.
ΠHADµ (p, p
′, q) =
〈
0|JN |N(p′)
〉〈
0|JD[B]|D[B](q)
〉〈
Σ∗c [Σ
∗
b ](p)|JµΣ∗c [Σ∗b ]|0
〉
(p2 −m2Σ∗c [Σ∗b ])(p
′2 −m2N )(q2 −m2D[B])〈
N(p′)D[B](q)|Σ∗c [Σ∗b ](p)
〉
+ · · · (3)
Where h.r. stands for the contributions of the higher resonances and continuum states. After the
matrix elements appearing in the above equation are substituted for the following parameterized
equations,
〈0|JN |N(p′)〉 = λNuN(p′, s′),
〈0|JD[B]|D[B](q)〉 = i
m2D[B]fD[B]
mu +mc[b]
,
〈Σ∗c [Σ∗b ](p)|JµΣ∗c [Σ∗b ]|0〉 = λΣ∗c [Σ∗b ]uµΣ∗c [Σ∗b ](p, s),
〈N(p′)D[B](q)|Σ∗c [Σ∗b ](p)〉 = igΣ∗cND[Σ∗bNB]uN (p′, s′)uΣ∗c [Σ∗b ]α(p, s)qα, (4)
the correlation function Πµ(p, p
′, q) can be decomposed as
ΠHADµ (p, p
′, q) = i2
CgΣ∗cND[Σ∗bNB]
(p2 −m2Σ∗c [Σ∗b ])(p
′2 −m2N )(q2 −m2D[B])
×
{
Π1qµ +Π2p/qµ +Π3q/qµ +Π4q/p/qµ
+Π5pµ +Π6p/pµ +Π7q/pµ +Π8q/p/pµ
+Π9γµ +Π10p/γµ +Π11q/γµ +Π12q/p/γµ
}
+ · · · . (5)
Where C =
m2D[B]fD[B]λNλΣ∗c [Σ
∗
b
]
mc[b]+mu
, and some of the Dirac structure appearing in the above function are
written as
Π1 = (mΣ∗c [Σ∗b ] +mN )mΣ∗c [Σ∗b ],
Π2 = (mΣ∗c [Σ∗b ] +mN ),
Πi = · · · · · · · · · · · · ,
Π12 =
m2Σ∗c [Σ∗b ]
+ 2mΣ∗c [Σ∗b ]mN +m
2
N − q2
6mΣ∗c [Σ∗b ]
. (6)
In our previous analysis about this kind of problem, we found that the Dirac structure q/p/γµ can not
lead to contaminations for Σ∗c [Σ
∗
b ][53]. Thus, we choose the Dirac structure q/p/γµ to carry out our
analysis. In this above derivation, we also use the following definitions,
ΣuN(p
′, s′)uN (p
′, s′) = p/′ +mN ,
ΣuαΣ∗c [Σ∗b ](p, s)uµΣ∗c [Σ∗b ](p, s) = −(p/+mΣ∗c [Σ∗b ])(gαµ −
γαγµ
3mΣ∗c [Σ∗b ]
− 2pαpµ
3m2Σ∗c [Σ∗b ]
+
pαγµ − γαpµ
3mΣ∗c [Σ∗b ]
) (7)
42.2 The OPE side
We carry out the operator product expansion of the correlation function in deep Euclidean region,
where p2 → −∞ and p′2 → −∞. Considering all possible contractions of the quark fields with Wick’s
theorem, the correlation function Eq.(1) is written as
ΠOPEµ (p, p
′, q) = i2
∫
d4x
∫
d4ye−ip.xeip
′.yǫabcǫijk
×
{
γ5γνS
cj
d (y − x)γµCSbiTu (y − x)CγνSahu (y)γ5Shkc[b](−x)
−γ5γνScjd (y − x)γµCSaiTu (y − x)CγνSbhu (y)γ5Shkc[b](−x)
}
(8)
Then, we replace the c[b] and u[d] quark propagators with the corresponding full propagators[44–46],
Smnc[b] (x) =
i
(2π)4
∫
d4ke−ik.x
{ δmn
k/−mb[c]
− gsG
αβ
mn
4
σαβ(k/+mb[c]) + (k/ +mb[c])σαβ
(k2 −m2Q)2
+
π2
3
〈αsGG
π
〉
δmnmb[c]
k2 +mb[c]k/
(k2 −m2b[c])4
+ · · ·
}
, (9)
Smnu[d](x) = i
x/
2π2x4
δmn −
mu[d]
4π2x2
δmn − 〈qq〉
12
(
1− imu[d]
4
x/
)
− x
2
192
m20〈qq〉
(
1− imu[d]
6
x/
)
(10)
− igsλ
ij
AG
A
θη
32π2x2
[
x/σθη + σθηx/
]
+ · · · .
In order to perform the four-x and four-y integrals, we also use the following Fourier transformations
in D = 4 + ǫ dimensions with ǫ→ 0,
1
[(y − x)2]n =
∫
dDt
(2π)D
e−it.(y−x)i(−1)n+12D−2nπD/2Γ(D/2− n)
Γ(n)
(
− 1
t2
)D/2−n
, (11)
1
[y2]n
=
∫
dDt′
(2π)D
e−it
′.yi(−1)n+12D−2nπD/2Γ(D/2− n)
Γ(n)
(
− 1
t′2
)D/2−n
, (12)
which is followed by the replacements xµ → i ∂∂pµ and yµ → −i ∂∂p′µ . After these derivations, these
integrals turn into Dirac delta functions which are used to take the four-integrals over k and t′. Finally,
the Feynman parametrization and∫
dDt
(2π)D
1
[t−M2]α =
i(−1)α
(4π)D/2
Γ(α−D/2)
Γ(α)
1
(M2)α−D/2
is used to perform the four-t integral. After a lengthy derivation, we obtain the same Dirac structures
as the phenomenological side(see Eq.(5)). For each Dirac structure, the correlation function can be
divided into two parts,
ΠOPEi = Π
pert
i +Π
non−pert
i (13)
Where i stands for different Dirac structure in Eq.(5). Using dispersion relations, the perturbative
term for a given Dirac structure can be written as the following form,
Πperti (q
2) =
∫ s0
s1
ds
∫ u0
u1
du
ρperti (s, u, q
2)
(s− p2)(u − p′2) (14)
5where ρperti (s, u, q
2), appearing in the above equation, is the spectral density which is obtained from
the imaginary part of the correlation. After these derivations, we set s = p2, u = p′2 and q = p− p′
in the spectral densities. For the Dirac structure of q/p/γµ, its spectral density is written as,
ρpertq/p/γµ(s, u, q
2) =
3
32π4
∫ 1
0
dx
∫ 1−x
0
{ x+ y
2(x+ y − 1)
[
x(−q2y +mc[b]2)− sx(x + y − 1)− uy(x+ y − 1)
]
+
1
6
[
sx(x+ y) + uy(x+ y) + q2xy − 6mdmu
]}
dy ×Θ[H2(s, u, q2)], (15)
where Θ stands for the unit-step function, and H2(s, u, q
2) is defined as H2[s, u, q
2] = x(m2c[b]− q2y)+
sx(x+ y− 1)+ uy(x+ y− 1). Considering the limit of the unit-function to the integrals, the integral
limmits for parameter y can be explicitly expressed as
0 ≤ y ≤ min
{
1− x, [(s+ u− q
2)− u]−√∆
−2u
}
(16)
where ∆ =
[
(s+ u− q2)2 − 4su
]
x2 − 2u
[
(s+ u− q2) + 2m2c[b]
]
x+ 4su+ u2.
From our previous analysis, the non-perturbative contributions comes mainly from the < qq >.
Besides of this condensate term, we also take into account the contribution from < αspi GG > in
this work. For these condensate terms, we make the change of variables p2 → −P 2, p′2 → −P ′2
and q2 → −Q2 and perform a double Borel transform to them, which involves the transformation:
P 2 → M21 and P ′2 → M22 , where M1 and M2 are the Borel parameters. Then, the non-perturbative
terms can be written as,
BB
[
Π<qq>q/p/γµ (Q
2)
]
=
< qq >
64π2
∫ 1
0
dx
∫ 1−x
0
{4[(12md + 3mu)(x+ y − 1) + 14md + 5mu
]
x+ y
+(4mu + 16md)
[
1 +
x(Q2y +m2c[b])
x(x+ y − 1)M21
− y
x+ y
Q2
M21
]}
dy
×e
Q2y+m2
c[b]
(x+y−1)M2
1
M21 +M
2
2
δ
{
k − M
2
2
M21 +M
2
2
}
,
(17)
BB
[
Π<GG>q/p/γµ (Q
2)
]
=
< αspi GG >
32π2 × 48
∫ 1
0
dx
∫ 1−x
0
{ x2
6(x+ y − 1)3
[
8 +
2x(Q2y +m2c[b])
x(x + y − 1)M21
− y
x+ y
Q2
M21
]
×
m2c[b]
M21
}
dy
e
Q2y+m2
c[b]
(x+y−1)M21
M21 +M
2
2
δ
{
k − M
2
2
M21 +M
2
2
}
,
(18)
where BB[ ] stands for the double Borel transform, δ is the Delta function and k = xx+y .
2.3 The strong coupling constant
3 The results and discussions
6We perform a double Borel transform to the phenomenological side as well as the OPE side, after
which we equate these two sides, invoking the quark-hadron duality. After these preformation, the
form factor can be written as,
gΣ∗cND(Σ∗bNB)(Q
2)
=
1
M21M
2
2
∫ s0
(mc[b]+mu+md)2
∫ u0
(2mu+md)2
ρperti (s, u,Q
2)e
− s
M21 e
− u
M22 dsdu +BB
[
Πnon−pert(Q2)
]
CΠ12
(Q2+m2
D[B]
)M21M
2
2
e
−
m2
Σ∗c [Σ
∗
b
]
M21 e
−
m2
N
M22
(19)
Where Π12 in the above equation represents the q/p/γµ term in the phenomenological side in Eq.(5), s0
and u0 are the continuum threshold parameters which are used to eliminate the h.r. terms. Commonly,
the continuum parameters, s0 = (mi + ∆i)
2 and u0 = (mo + ∆o)
2 are employed to include the pole
and suppress the h.r. contributions, where mi and mo are the masses of the incoming and out-coming
baryons respectively. In general, ∆i and ∆o are chosen to be about 0.5GeV
2 for mesons, whose value
is some what smaller than that of the baryons.
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FIG. 1: The strong form factor gΣ∗cND on Borel
parameter M21 , in the different values of s0.
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FIG. 2: The strong form factor gΣ∗cND on Borel
parameter M21 , in the different values of u0.
It can also be seen from Eq.(19) that the form factor gΣ∗cND[Σ∗bNB] is the function of the Borel
parameters M21 and M
2
2 . We determine the working regions for the Borel parameters according
to two considerations which are pole dominance and convergence of the OPE. That is to say, the
pole contribution should be as large as possible comparing with the contributions of the higher and
continuum states. Meanwhile, we should also find a plateau, which will ensure OPE convergence and
the stability of our results. The plateau is often called ”Borel window”.
The form factor, gΣ∗cND, on Borel parameter M
2
1 in the different values of s0 and u0 are shown in
Figs.1 and 2, where 9.12GeV 2 ≈ (mΣ∗c +0.5GeV )2 and 2.07GeV 2 ≈ (mD +0.5GeV )2 in these figures.
It can be seen from Fig.1 that the value of gΣ∗cND show more stability with s0 = 10.12GeV
2. However,
we can see from Fig.2 that the line of gΣ∗cND show little change with u0 changes from 1.87GeV
2 to
2.27GeV 2. Finally, the continuum threshold parameters are chosen to be u0 = 2.07GeV
2 and s0 =
710.12GeV 2[39.00GeV 2] for vertex Σ∗cND[Σ
∗
bNB]. In Figs.3− 6, we show also the relative continuum
and pole contribution on Borel parameter. We can see from these figures that the more little values
of the Borel parameters lead to larger pole contributions in the results. However, if too little values of
the Borel parameters are taken(see Figs.1 and 2), the results decrease monotonously and quickly with
the Borel parameters, which means that the convergence of the OPE can not be satisfied. Finally, the
Borel windows are chosen to be 3.0GeV 2 < M21 < 5.0GeV
2 and 1.0GeV 2 < M22 < 3.0GeV
2 for the
vertex Σ∗cND, and 9.0GeV
2 < M21 < 11.0GeV
2 and 1.0GeV 2 < M22 < 3.0GeV
2 for the vertex Σ∗bNB.
Under these circumstances the criteria of pole dominance and OPE convergence are all satisfied. It
can also be seen from Figs.7-9 that our results have weak dependence on the Borel parameters, which
indicates the stability of the results.
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2
In order to obtain the coupling constants, it is necessary to extrapolate these calculated results of
the form factors into the deep time-like regions by fitting these results into analytical functions. The
extrapolation to deep time-like regions is highly mode-dependent, thus there is no specific expres-
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FIG. 7: gΣ∗cND (Q
2 = 1.0GeV 2) as a function of
the Borel mass M21 .
1 1.5 2 2.5
2
4
6
8
10
12
14
16
18
g Σ
c* N
D(G
eV
−
1 )
M2
2(GeV2)
Q2=1.0GeV2
M1
2
=4.0GeV2
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the Borel mass M21
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sions for the dependence of the strong form factors on Q2. From our analysis, we observe that this
dependence can be well described by the following fit function
gΣ∗cND(Σ∗bNB)(Q
2) = Ac(b)exp[Bc(b)Q
2] (20)
The fitted results for gΣ∗cND and gΣ∗bNB are Ac = 13.54± 3.00GeV−1, Bc = 0.1824± 0.03GeV−2, and
Ab = 118.60± 5.00GeV −1, Bb = 0.08675± 0.006GeV −2. In Figs.11 and 12, we show the dependence
of the strong coupling form factors on Q2 for both the QCD sum rules and fitting results, in which
it is marked as Central value and fitted curve of Central value. The values of the strong coupling
constants can be obtained from the fit function at Q2 = −m2B[D], which are gΣ∗cND = 7.19± 1.76 and
gΣ∗
b
NB = 10.54± 1.82. The errors appearing in these results are coming from the uncertainties of the
fitting parameters of δAc, δBc, δAb and δBb.
The uncertainties of the results coming from the input parameters can be estimated with the
formula δ =
√
Σi(
∂f
∂xi
)2(xi − xi)2, where the f denotes strong form factors gΣ∗cND and gΣ∗bNB, the
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FIG. 11: The form factor for the vertex Σ∗cND,
and its fitted results as a function of Q2.
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FIG. 12: The form factor for the vertex Σ∗bNB,
and its fitted results as a function of Q2.
TABLE I: Input parameters used in this analysis.
Parameters Values
mΣ∗
b
5835.1 ± 1.9 MeV [54]
mΣ∗c 2517.5 ± 2.3 MeV [54]
mN 939.565379 ± 0.000021 MeV [54]
mD 1864.86 ± 0.13 MeV [54]
mB 5279.58 ± 0.17 MeV [54]
mb 4.18± 0.03 GeV [54]
mc 1.275 ± 0.025 GeV [54]
md 4.8
+0.5
−0.3 MeV [54]
mu 2.3
+0.7
−0.5 MeV [54]
〈uu〉 −(0.24± 0.01)GeV 3[55]
〈dd〉 −(0.24 ± 0.01)GeV 3 [55]
〈αsG
2
pi
〉 (0.012 ± 0.04) GeV 4 [56]
λΣ∗
b
0.0125+0.0008−0.0004GeV
3 [57]
λΣ∗c 0.0246
+0.0022
−0.0016GeV
3 [57]
λ2N 0.0011 ± 0.0005 GeV
6 [58]
fB (248± 23exp ± 25V ub) MeV [59]
fD (205.8± 8.5± 2.5) MeV [60]
xi denotes the revelent parameters mΣ∗
b
,mΣ∗c ,mb,mc,λΣ∗b , λΣ∗c ,〈qq〉,· · · . For simplicity, the value of
the upper and lower limits of the strong form factors gΣ∗cND, gΣ∗bNB are approximated by taking
fupper(lower) = f(xi ±∆xi), which are marked as Upper bound and Lower bound in Figures 11 and
12. After these approximations, the results are also fitted into the same kind of analytical function
with Eq.(20) and are also extrapolated into the physical regions in order to get the uncertainties of
10
the coupling constants. Finally, we get the strong coupling constants for these two vertexes,
gΣ∗cND(Q
2 = −m2D) = 7.19+8.49−3.11 ± 1.76 (21)
gΣ∗
b
NB(Q
2 = −m2B) = 10.54+15.59−5.23 ± 1.82 (22)
where the first part of the uncertainties in the results comes from the input parameters,
mΣ∗
b
,mΣ∗c ,mb,mc,λΣ∗b , λΣ∗c ,〈qq〉,· · · and the second part originates from the fitting parameters.
4 Conclusion
In this article, we have calculated the form factors of the strong vertexes Σ∗cND and Σ
∗
bNB in
the space-like regions by three-point QCD sum rules. Then we fit the form factors into analytical
functions, extrapolate them into the time-like regions, and obtain the strong coupling constants gΣ∗cND
and gΣ∗
b
NB. These results will be helpful in the bottom and charmed meson cloud description of the
nucleon, which may be used to explain exotic events observed by different experiments. Besides, the
analysis of the results in heavy ion collision experiments may also needs the results in this paper.
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